The California mouse (Peromyscus californicus) inhabits semiarid oak (Quercus spp.) woodlands and shrublands of California's southern Coast Ranges and lower slopes of the western Sierra Nevada. From 1993 to 2014, we studied the demography of California mice in semiarid oak woodland in coastal-central California. Using capturemark-recapture (CMR) methods, we estimated apparent survival (ϕ), recruitment (f), and realized population growth (λ), and tested for the effects of climatic covariates on these demographic rates. Monthly ϕ averaged 0.869, but it varied temporally between 0.507 and 0.954. Monthly f averaged 0.146 and ranged from 0.027 to 0.556. Monthly λ averaged 0.996; however, λ also exhibited strong temporal variation, ranging from 0.636 to 1.373. Tests of singular covariate models revealed that ϕ was positively influenced by total rainfall (regression coefficient, β = 0.449), but negatively influenced by average temperature (β = −0.394) and by variability in temperature (β = −0.412) and rainfall (β = −0.147). Recruitment was positively affected by total rainfall (β = 0.203) and rainfall variability (β = 0.120); it was negatively affected by temperature variability (β = −0.162). However, the effect of rainfall and temperature on California mice varied across seasons. During winter, high temperature increased both ϕ (β = 0.690) and f (β = 0.754), but in summer these hot conditions reduced ϕ (β = −1.087) and f (β = −0.517). Rainfall positively affected ϕ in both seasons (β = 0.141 in winter; β = 0.614 in summer). Although rainfall positively affected f in winter (0.319), it had no discernible effect in summer. Warmer, drier, and more variable climatic conditions, together with increasingly pervasive habitat alterations, especially wildfire, may threaten the persistence of some California mouse populations.
In arid and semiarid environments, climate is expected to become more variable, with longer and more intense dry periods punctuated by extreme episodes of rainfall (Intergovernmental Panel on Climate Change 2007; United States Environmental Protection Agency 2016). These conditions will alter physical and biological processes, with largely unknown and potentially detrimental effects on small mammal populations (Facka et al. 2010; Rowe et al. 2015) . Results of studies that have examined climatic influences on small mammal populations have varied, depending on geographic location and species studied (e.g., Gillespie et al. 2008; Moritz et al. 2008; Gutierrez et al. 2010; Kelt and Blake 2011; Meserve et al. 2011) . For example, in response to a century of climate change, Moritz et al. (2008) found that most species of rodents in Yosemite National Park moved upslope to a more suitable microclimate in response to altered climate. However, some species did not move at all and, inexplicably, one species moved downslope.
The California mouse (Peromyscus californicus) occurs throughout the coastal ranges and mountainous regions from the San Francisco Bay area south through the Baja California Peninsula, and along the western foothills of the Sierra Nevada. It prefers relatively mesic woodlands where California bay laurel (Umbellularia californica) trees are interspersed with the oaks (Quercus spp. -Merritt 1974) . It is one of only 2 Peromyscus species that is monogamous (Ribble 2003) , and the largest of the 53 Peromyscus species worldwide (Layne 1968) . Its relatively large incisors allow feeding on the hard seeds of the California bay laurel (Merritt 1974) , which along with its poor ability to conserve water (MacMillen 1964) , may account for its habitat preference for mesic environments (Reid et al. 2013) . However, California mice are also a common resident of chaparral plant communities (Merritt 1978) where it is relatively carnivorous, feeding mainly on arthropods (Reid et al. 2013) . Throughout its range, exurban development (Alagona et al. 2013 ) and wildfire (Syphard et al. 2017 ) are increasingly pervasive.
Although there is a long history of study on the ecology and behavior of the California mouse (e.g., Merritt 1974; Ribble 2003; Kalcounis-Rueppell et al. 2010; Bedford and Hoekstra 2015; and citations therein) , no study has examined its demography, and how its demography is affected by temperature and rainfall patterns. We used 21 years of capture-mark-recapture (CMR) data and temporal symmetry CMR models (Pradel 1996; Nichols et al. 2000; Williams et al. 2002; Nichols 2016) to provide estimates of apparent rates of survival (ϕ), recruitment (f), and population growth (λ) for the California mouse, and to discern how climatic factors influence these rates. Because our study population inhabits a semiarid environment where primary productivity is strongly dependent on weather patterns, we hypothesized that total seasonal rainfall (and other variables affecting rainfall) would positively, but high temperature and variation in rainfall would negatively, influence ϕ, f, and λ (Kelt and Blake 2011; Lightfoot et al. 2012) . Our results reveal how the California mouse responds to intensity and variability in temperature and rainfall patterns during winter, the breeding season, and how this species survives California's hot, dry summers between breeding seasons, thereby informing conservation needs.
Materials and Methods
Study area.-We conducted our study in a semiarid California oak woodland at the Army National Guard Post Camp Roberts, a 17,000-ha training facility in coastal-central California (Fig. 1) . The study area was located in a remote area of the Post, a roughly 8,000-ha mosaic of grassland, chaparral, and woodland that has remained almost entirely free of human impacts since the Post was established in 1942. During the 21 years of study, field personnel did not observe military activity during > 1,000 visits to the study area. The last wildfire occurred in 1953 (Fire Chief, Army National Guard Post Camp Roberts, pers. comm.). Study plots were in wooded patches on 5% to 20% slopes with northwest to northeast aspect, and 60% to 90% tree canopy cover. The climate is Mediterranean, with warm, dry summers and cool, wet winters. Annual rainfall is highly variable, being influenced by El Niño-La Niña oscillations (see Fig. 2 ). Typically, > 96% of rainfall occurs between October and April. During the study, mean monthly rainfall from May to September was 0.3 cm (range = 0.0 cm in July to 7.2 cm in June) compared to a monthly mean of 5.6 cm from October to April (range = 0.0 cm in December to 31.3 cm in March).
We established study plots in stands of blue oak (Quercus douglassii), and on the more mesic sites, in mixed stands of blue oak and coast live oak (Q. agrifolia) with a shrub understory. The shrub patches of 3% to 35% cover (Tietje et al. 1997) were composed of toyon (Heteromeles arbutifolia), red berry (Rhamnus crocea), and coffee berry (R. californica) with proportionately more buck brush (Ceanothus cuneatus) and manzanita (Arctostaphylos spp.) on the drier and more open areas. Ground cover included Mediterranean annual grasses (Avena and Bromus spp.), native bunch grasses (Nassella and Festuca spp.), mosses (bryophyte spp.), and native and introduced forbs, such as hummingbird sage (Salvia spathacea), California peony (Paeonia californica), and miner's lettuce (Claytonia perfoliata). Poison oak (Toxicodendron diversilobum) graded from a solid blanket of vegetation to scattered stems. We captured California mice exclusively in wooded areas with shrub understory, consistent with their preference for well-structured overstory and understory (Glanz and Meserve 1982) .
Field methods.-Across the 21 years of study, we trapped once during October and once during May on grids with 15-m [1988] [1989] [1990] . The distribution of P. c. insignis, 1 of the 5 subspecies of the California mouse, extends south to San Quintin (latitude 30°29′) in the Mexican state of Baja California (Grinnell and Orr 1934). spacing, with some variation in sampling regime. We trapped on nine 5.8-ha grids with 17 × 17 traps from October 1993 to October 1997 (7 trapping sessions) for 5 nights each session (9 plots with 17 × 17 traps * 5 nights * 7 sessions = 91,035 trap nights). Then, during the May 1997 trapping session to the May 2013 session (using ten 1.1-ha corners with 8 × 8 traps on 6 of the original nine 17 × 17 grids and 12 newly established 1.1-ha grids with 8 × 8 traps; Fig. 1 ), we trapped on twentytwo 1.1-ha grids with 8 × 8 traps (33 trapping sessions) for 3 nights each session (22 grids with 8 × 8 traps * 3 nights * 33 sessions = 139,392 trap nights). In October 2013, we trapped on 21 of the 22 grids (4,032 trap nights) and in May 2014 we trapped on 9 of the 22 grids (1,728 trap nights). During the 21 years of study, our trapping effort was 42 trapping sessions and 236,187 trap nights.
During each of the 42 trapping sessions, we placed 1 Sherman live trap (3 × 3.5 × 30 cm; H.B. Sherman Traps, Inc., Tallahassee, Florida) within 2 m of each grid intersection. To insulate trapped animals from overnight cold and from the heating of the interior of the trap by early morning sunshine, we placed traps in shade and covered them with duff acquired in the vicinity of the trap. We baited traps with a mixture of rolled corn, oats, and barley laced with molasses. On initial capture, we placed a Monel 1.00S animal tag (National Band and Tag Co., Newport, Kentucky) in the right ear of all animals captured, and recorded tag number, trap location, sex, and age. We tagged and released all animals at their site of capture. Handling of animals followed the guidelines of the University of California, Berkeley, Institutional Animal Care and Use Committee (UC Berkeley Animal Care and USE Committee Permit R-166). Trapping also met the guidelines of the American Society Mammalogists (Sikes et al. 2016) .
Time periods.-Hereafter, "year" refers to a 12-month period from October to September. "Trapping session" refers to each of the 2 times that we trapped each year, once in spring (May) and once in fall (October). "Season" is 1 of 2 periods between trapping sessions: either "summer" or "winter." "Summer" is the 5-month period (May to September; the hot, dry season) between the May and October trapping sessions. "Winter" is the 7-month period (October to April; the cold, wet season) between the October and May trapping sessions.
Climatic covariates.-Using Paso Robles City weather records from 1992 to 2015 (see Supplementary Data SD1 for the rationale for our use of these weather records), we calculated the following variables for the summer and winter seasons: 1) average temperature (temp_avg) as the mean of daily temperatures, 2) coefficient of variation (CV) of temperature (temp_cv) as the CV of temperature for summer and winter, 3) total seasonal rainfall (rainfall_sum) as the sum of daily rainfall, and 4) the CV of rainfall (rain_cv), calculated as the CV of daily rainfalls for the 2 seasons. Because rainfall in one season can potentially influence demographic parameters in the next season through its effect on plant growth and primary production, we also considered total rainfall and the CV of rainfall with a 1-season time lag (rain_sum_onelag, and rain_cv_onelag). All climatic covariates were standardized to zero mean.
To test for the effect of El Niño on demographic rates of California mice, we used the Oceanic Niño Index (ONI), the standard used by the National Oceanic and Atmospheric Administration (NOAA) to identify El Niño and La Niña events in the Pacific Ocean. The ONI defines an El Niño or La Niña as consecutive 3-month sea surface temperature (SST) means, measured above the equatorial Pacific, that are either 0.5°C below (La Niña) or 0.5°C above (El Niño) the long-running SST mean. We obtained El Niño index values from the Climate Prediction Center Internet Team (2015) .
CMR analysis.-We used Pradel's temporal symmetry models to estimate and model recapture probability (p), apparent survival probability (ϕ), and recruitment rate (f) (Pradel 1996; Williams et al. 2002; Nichols 2016) . In Pradel's modeling approach, births and immigration are included in f while emigration and death are not separated in ϕ estimates. We fitted a series of models where we allowed p, ϕ, and f to be affected by time (year, season), sex, and the additive effects of these variables. Model parameters were estimated using the bestsupported model in the set (Table 1A) .
To test for the effect of environmental covariates on vital rates of California mice, we fitted a second set of models that allowed ϕ and f to be affected by the singular effect of rainfall (with and without a lag effect), temperature-related variables, and ONI (Tables 1B and 2 ). However, because several climatic variables considered in our study were correlated (Table 3) , we could not test for the additive and interactive effects of these variables on vital rates of California mice. Thus, we created 2 categorical variables: "wetness" (based on rainfall) and "hotness" (based on temperature).
We defined the "hotness" categorical variable based on the daily average minimum temperature for winter and daily average maximum temperature for summer. We defined a winter as either cold (a winter with measured daily average minimum temperatures below the 1st quartile; mean temperature = 1.96°C, range 1.56-2.22°C), moderate (a winter with measured daily average minimum temperatures between the 1st and 3rd quartiles; mean temperature = 3.12°C, range 2.33-3.67°C), or hot (a winter with measured daily average minimum temperatures -2.5 1 9 9 4 1 9 9 5 1 9 9 6 1 9 9 7 1 9 9 8 1 9 9 9 2 0 0 0 above the 3rd quartile; mean temperature = 4.03°C, range 3.72-4.22°C). We defined a summer as either cold (a summer with measured daily average maximum temperatures below the 1st quartile; mean temperature = 29.28°C, range 28.33-29.78°C), moderate (a summer with measured daily average temperatures between the 1st and 3rd quartiles; mean temperature = 30.72°C, range 29.83-31.5°C), or hot (a summer with measured daily average maximum temperatures above the 3rd quartile; mean temperature = 32.1°C, range 31.94-32.28°C). We defined the "wetness" categorical variable based on the total precipitation for winter and the total precipitation for summer. We defined a winter as either dry (a winter with total precipitation below the 1st quartile; mean rainfall = 18.47 cm, range 15.60-22.53 cm), moderate (a winter with total precipitation between the 1st and 3rd quartiles; mean rainfall = 32.46 cm, range 22.61-44.17 cm), or wet (a winter with measured total precipitation above the 3rd quartile; mean rainfall = 64.67 cm, range 51.94-81.38 cm). We defined a summer as either dry (a summer with total precipitation below the 1st quartile; mean rainfall = 0.20 cm, range 0-0.38 cm), moderate (a summer with total precipitation between the 1st and 3rd quartiles; mean rainfall = 1.11 cm, range 0.41-3.02 cm), or wet (a summer with total precipitation above the 3rd quartile; mean temperature = 4.32 cm, range 3.07-5.64 cm). Finally, we tested for the effect of the wetness (dry, moderate, or wet) and hotness (hot, moderate, or cold) categorical variables on vital rates of California mice as Table 2 .-Hypothesized effects of climatic variables on apparent survival (ϕ) and recruitment (f) of California mice (Peromyscus californicus) at Camp Roberts, California. A "+," "−," and "0" indicate a positive, negative, or no effect of a climatic variable. For each demographic rate, estimates of slope parameters (β) based on the most parsimonious model that included a given covariate (regardless of model structure for other demographic rates) are reported. Values in bold indicate that the 95% CI for β does not include zero. a rain_sum = total seasonal rainfall; rain_cv = coefficient of variation (CV) of seasonal rainfall; rain_sum_onelag = total seasonal rainfall from the previous season; rain_cv_onelag = coefficient of variation (CV) of seasonal rainfall from the previous season; wetness = categorization of rainfall years into dry, moderate, and wet with rainfall year defined as a 12-month period from October to September; temp_avg = average temperature; temp_cv = coefficient of variation (CV) of average temperature; El Niño = 3-month sea surface temperature average used to characterize presence and strength of El Niño effect. , and sex (male or female). Parameters are: ϕ = apparent survival probability; p = capture probability; and λ = realized population growth rate. The number of parameters (K), difference in Akaike's information criterion corrected for small sample size between a given model and the top-ranked model (ΔAIC c ), and the relative model probability (weight) are also given. The 5 best-supported models are presented. A plus sign (+) indicates additive and an asterisk (*) indicates both additive and interactive effects of the covariates involved. (A) Models for monthly apparent survival (ϕ) and recruitment (f) rates without covariate effects. (B) Models testing for the singular effect of climatic covariates on ϕ and f. (C) Models testing for the effect of hotness (hot, moderate, and cold) and wetness (wet, moderate, and dry) conditions on ϕ and f. The top-ranked model in each set is indicated in bold. Team 2014) . We used an information-theoretic approach for model selection as a measure of model parsimony (Williams et al. 2002; Burnham and Anderson 2002) , with Akaike's information criterion corrected for small sample size (AIC c ). The effect of environmental covariates was determined by comparing models with and without covariates, and by examination of 95% confidence intervals for the slope parameter (β) defining the relationship between a demographic parameter and the covariates. We considered models with a difference in AIC c (ΔAIC c ) ≤ 2 to be equally supported by data; in such situations, we model-averaged parameter estimates to address the model selection uncertainty (Burnham and Anderson 2002) . In all analyses, we specified the time interval between successive samples in months; thus, all estimated parameters are monthly rates (or probabilities).
results
During the study period (1993 to 2014), we trapped 9 rodent species (ordered by number of captures): Neotoma macrotis, Peromyscus truei, P. boylii, Chaetodipus californicus, P. californicus, Microtus californicus, Tamias merriami, Dipodomys heermanni, and Reithrodontomys megalotis. We captured 978 California mice (465 females and 513 males) 2,580 times (1,437 times when multiple captures within trapping sessions are excluded). The number of unique California mice captured ranged from none during the fall trapping session of 2008 to 113 mice captured in the spring trapping session of 1997. During the study, there were 2 population peaks, summer 1997 and summer 2006 (Fig. 3) . At these peaks, the ratio of females to males caught was 0.92 and 1.59, respectively.
Estimates of demographic parameters.-The most parsimonious model without climatic covariate effects (model 1, Table 1A ) included an additive effect of season and sex on capture probability (p), and an effect of time (year and season) on both survival (ϕ) and recruitment (f). Based on this model, p was higher for females than males, and higher during summer (females: 0.856 ± 0.042; males: 0.765 ± 0.049) than winter (females: 0.810 ± 0.046; males: 0.699 ± 0.047). Ignoring temporal variation, the overall monthly ϕ was 0.869 ± 0.005; it was higher during winter (the cool, wet season; 0.912 ± 0.007) than summer (the hot, dry season; 0.814 ± 0.009). Likewise, the overall monthly f was 0.130 ± 0.005. Despite f being similar between winter (0.128 ± 0.008) and summer (0.133 ± 0.009), most episodes of high f occurred during winter and low f occurred during summer (Fig. 4) .
The overall monthly realized population growth rate (λ) was 0.996 ± 0.004; λ was generally higher for winter (1.022 ± 0.010) than summer (0.961 ± 0.013; Fig. 4C ). However, there was substantial evidence for temporal variation in all demographic parameters. Model-averaged monthly ϕ ranged from 0.507 ± 0.075 in summer 2007 to 0.954 ± 0.039 in winter 2002 (Fig. 4A ). Likewise, model-averaged monthly f ranged from 0.027 ± 0.045 in summer 2012 to 0.556 ± 0.082 in winter 1996 (Fig. 4B) . The lowest λ was observed during summer 2007 (0.636 ± 0.053), causing the population to crash, whereas the highest λ (1.373 ± 0.059) occurred during winter 1996, which led to a population peak the following year (Fig. 3) . Modelaveraged estimates of ϕ, f, and λ are presented in Fig. 4 .
Testing for single covariate effects, the most parsimonious model carried 99% of the AIC c weight and was separated from the next best model by ΔAIC c = 9.409 (model 1, Table 1B ). This model indicated that total seasonal rainfall and the CV of the previous season's rainfall positively influenced ϕ, whereas ϕ was negatively influenced by both average temperature and the CV of rainfall and temperature (Table 2; Fig. 5A ). By this (Table 2) . Thus, temperature (both average and variability in temperature) and the amount of rain were clearly the most influential drivers of demography of California mice. As expected from their effects on f and ϕ, λ was negatively affected by the CV of temperature and positively affected by total rainfall with a 1-season lag (Figs. 5C and 5D ).
Using the temperature (hotness) and rainfall (wetness) categorical covariates that we created, the top model for ϕ included additive and interactive effects of wetness and season, whereas for f, this model included the additive and interactive effects of hotness and wetness (Table 1C) . Based on this model, ϕ was the highest during winter when rainfall conditions were moderate; it was the lowest during summers characterized by moderate rainfall (Fig. 6A) . Recruitment was the lowest during dry and hot conditions and highest during periods of moderate rainfall and hot temperatures (Fig. 6B) . Said in terms of seasonal effects, warm conditions during winter positively affected both California mouse ϕ (0.690 ± 0.293) and f (0.754 ± 0.199). In contrast, hot, dry conditions during summer negatively affected ϕ (−1.087 ± 0.282) and f (−0.517 ± 0.220); notably, the effect was especially strong for ϕ. Rainfall in winter or summer positively affected ϕ (0.141 ± 0.081 and 0.614 ± 0.157, respectively); although rain in winter had a positive effect on f (0.319 ± 0.045), in summer it had a nonsignificant negative effect.
discussion
The California mouse is a product of the adaptive radiation of Peromyscus species ca. 5 mya (million years ago- Platt et al. 2015) . Its evolution therefore coincided with the development of California's Mediterranean climate, which began between 7 and 4 mya and was firmly established by 3 mya (Axelrod 1973) . During the diversification of the California mouse, its habitat was dominated by oak and California bay woodlands and shrublands (Axelrod 2007) . Although these vegetation types persist within the current distribution of the California mouse, increasingly they are being altered by wildfire (California Chaparral Institute 2017; http://www.californiachaparral.org/) and exurban housing development (Alagona et al. 2013) . Furthermore, the climate within the geographic range of the California mouse is predicted to become hotter and dryer (United States Environmental Protection Agency 2016), conditions which may adversely affect a species well adapted to the relatively cool, wet environments within which it evolved. We do not know how these changes will impact the long-term persistence of California mouse populations. Here, based on 21 years of study, we report estimates of monthly apparent survival (ϕ), recruitment (f), and realized population growth (λ) rates of California mice, and provide a thorough assessment of temperature and rainfall effects on these rates.
During the 21 years of study, the monthly λ was ~1.0, suggesting that our study population was stable. However, the growth rate and its constituent vital rates (ϕ and f) varied substantially. Both ϕ and f (and thus λ) were higher during winter than summer. Throughout the range of the California mouse, summers are dry, with hot to moderate average temperatures. The California mouse breeds during the cool, wet winter; survival and recruitment rates were generally higher during winter than in summer. Consistently, most episodes of high population growth rates occurred during winter (e.g., 1996 , 2006 Fig. 4) . In contrast, most episodes of population crashes occurred during summer (e.g., 1996 , 2007 Fig. 4) .
Testing for the effect of climatic covariates on survival and recruitment, we found that most plausibly by its effect on plant (Table 1A , model no. 1) (λ was calculated as a derived parameter). Model-averaged estimates for females (estimates for males were almost identical) are reported to address model selection uncertainty (Table 1A) . Data were insufficient to estimate demographic parameters for winters of 2012 and 2013. Fall trapping sessions follow spring sessions and are not labeled on the axis. production and community composition, which would affect food availability, winter rains positively affected both survival and reproduction of our population of California mice. The story was different, however, when winter rainfall was unpredictable and when summer temperatures were hot and variable. These conditions had a strong negative effect on survival of California mice. Thus, periods of moderate and predictable rainfall and temperature favored population growth. There was no major habitat change throughout the study that could be the reason for these results, and they generally agree with other studies that have examined the effect of variable weather patterns on food availability (e.g., Fang et al. 2005 ) and rain and temperature patterns on rodent demographics (e.g., Eurasian beaver, Castor fiber -Campbell et al. 2012) .
Our results indicate that the California mouse may be illequipped to survive hot, dry summer weather and suggest that populations could be further impacted by predicted climate warming. For example, hot, dry conditions undoubtedly compromise the animal's ability to maintain water balance. To meet its water needs, the California mouse relies on dietary water (Merritt 1974) . However, during hot, dry conditions, summer fog, which adds soil water through fog drip, is less frequent (Fischer et al. 2009 ) and therefore the moisture content of vegetation is reduced (Potter 2014) . Although the effect on the California mouse is unknown, dietary toxins increase as ambient temperature increases, while the rodent's ability to metabolize the toxins decreases (Dearing 2013 ). More study is needed on the physiological and behavioral mechanisms by which the California mouse may be challenged by hot, arid weather.
Compounding the strong negative effects of dry, hot conditions on California mouse survival is more intense and pervasive wildfire. During the past 3 years (2015) (2016) (2017) , the area burned within the range of the California mouse increased 6-fold (California Fire Incidents 2018; http://www.fire.ca.gov/ current_incidents), totaling over 500,000 ha. Numbers of California mice decline following wildfire (Brehme et al. 2011) and are slow to recover (Wirtz et al. 1988) . The potential for long-term effects on populations may be increasing; today's frequent and intense wildfires may be exceeding the capacity of some California mouse chaparral habitats to recover their former structural complexity (California Chaparral Institute 2017; http://www.californiachaparral.org/). Moreover, throughout the range of the California mouse, rapidly expanding rural housing (Alagona et al. 2013 ) increases the incidence of wildfire, and brings with it habitat alterations and the introduction of exotic pathogens and predators, with unknown, but certain effects on California mouse populations (e.g., Sauvajot et al. 1998; Hawkins et al. 1999) .
Although El Niño events typically result in large increases in rodent populations that inhabit semiarid and arid environments (e.g., Fray Jorge Park, Chile-Armas et al. 2016; Negev Desert, Israel-Shenbrot et al. 2010 ; Chihuahuan Desert, ArizonaBrown and Heske 1990), on our study area, El Niño had little effect on survival and recruitment rates of our California mice. There are 2 apparent reasons for this. First, of the last 23 El Niño events that were predicted for coastal-central California, and therefore entered into our analyses, the majority did not occur . Second, the California mouse is not an inhabitant of truly arid environments. It is restricted to relatively moist, forested and chaparral habitats in a Mediterranean climate, reaching desert environs only in Baja California, but there, too, the California mouse is restricted to the more mesic, wooded habitats where El Niño will not have the dramatic effects that it does in more arid environments. Our results also indicate a relatively stronger influence of local weather patterns on demographics of California mice compared to large-scale climatic phenomena, such as El Niños.
Our study estimates the realized population growth rate of the California mouse, and demonstrates that population dynamics of this species is driven primarily by rainfall and temperature. Specifically, we show that California mice reproduce and survive well during winters (the breeding season) with moderate rainfall and warm temperatures, but that they survive poorly under hot, dry summer conditions, especially when these conditions are highly variable. Climate models show that within the range of the California mouse, temperature and rain will change in average amounts and intensities, and in variability. These conditions, combined with more intense and pervasive wildfire, will increasingly impact the environment to which the California mouse has adapted over millions of years. There may be a tipping point beyond which some California mouse populations can no longer cope, and populations might become increasingly prone to local extinctions. We recommend close monitoring of California mouse populations and timely conservation actions.
suppleMentary data
Supplementary data are available at Journal of Mammalogy online.
Supplementary Data SD1.-Comparison of climate data at weather stations in close proximity to the study area. We used climate data recorded at the Paso Robles City National Oceanographic and Atmospheric Administration (NOAA) weather station (National Oceanic and Atmospheric Administration 2016), located in Paso Robles, California, 11.7 km southeast of the study area. Our choice was based on these criteria: 1) preference for an officially archived and complete NOAA data set, 2) proximity to the study area (11.7 km), and 3) a high correlation with the incomplete records from 3 other recording sites-McMillan Airport (1.7 km north of the study area; rainfall: r = 0.96, P < 0.001; temperature: r = 0.86, P < 0.001), Heritage Ranch (3.8 km west of the study area; rainfall: r = 0.96, P < 0.001; no temperature data were collected at Heritage Ranch), and Paso Robles Airport (14.2 km northeast of the study area, rainfall: r = 0.96, P < 0.001; temperature: r = 0.79, P < 0.001).
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